The thermo-visco-hydromechanical properties of Abies alba Mills (white fir of Massif Central) are investigated in this paper. These properties are generally complex to study and model because of various couplings that exist between underlying phenomena. In addition, wood is heterogeneous by species, but these properties are generally studied at the macroscopic scale, thus without having the possibility of discerning the contribution of the various levels of organization which exist in wood. In this context, the main contribution of this paper is to experimentally evidence that earlywood and latewood exhibit each a different visco-hydromechanical response and, more specifically, that humidity directly governs their viscoelastic properties. Three suitable experiments were carried out on three different specimens to highlight this phenomenon. These experiments consist of mechanically testing the specimens under natural drying conditions. The difference in response was observed at the scale of the annual ring by using a full-field measurement technique, namely the grid method. This technique provides the strain fields occurring on the surface of the specimens during the different steps of their hydromechanical loading. Its spatial resolution is such that the strain level in latewood and earlywood can be accurately measured, thus evidencing the significant difference in response of the rings. This measurement technique as well as the three experiments carried out during this study is first briefly described in this paper. The obtained results are then presented and discussed, with a special emphasis on the different responses observed in earlywood and latewood.
Introduction
Wood is a material which perfectly suits the requirements of sustainable development. However, the variability in the properties within this heterogeneous material and its highly complex behavior constitute a real scientific problem. Indeed, under constant mechanical stress, strain amplitude in wood increases over time. After unloading, a delayed recovery phase is observed (Dubois et al. 2005; Merakeb et al. 2009; Moutou Pitti et al. 2013; Saifouni 2014; Nguyen et al. 2017 ). Furthermore, with constant stress and under two different humidity conditions, the creep level is more pronounced with high humidity level (Pittet 1996) , showing the softening power of humidity on wood. Indeed, wood is very sensitive to moisture content (MC) changes below the fiber saturation point (FSP) .
Several studies have also focused on the influence of MC on the behavior of wood under mechanical stress Kingston 1960, 1962; Armstrong and Christensen 1961) . In addition, Gril (1988) highlighted the effect of drying or moistening on wood deformation under mechanical load. Indeed, it was found that under constant mechanical stress and below the FSP, an increase or decrease in MC caused an increase in the total strain level. This phenomenon, named mechanosorption, is a consequence of the coupling between humidity and mechanical stress (Hunt 1989; Pittet 1996; Dubois et al. 2005; Moutee 2006; Saifouni et al. 2016 ). Armstrong and Kingston (1962) and Hunt (1984) performed experiments on specimens with relatively large dimensions. These dimensions make the obtained results difficult to interpret because the mechanosorptive strain can be embedded in the total strain. Elastic, viscoelastic and swelling/ shrinkage effects are included in this total strain. Hence, they must also be taken into account. Some authors such as Pittet (1996) and Saifouni (2014) performed "pure" mechanosorptive tests on specimens with small dimensions in order to neglect the effects of MC gradients. However, such dimensions make the compression tests difficult to perform because of potential buckling.
The above-cited literature studies do also not take into account the local gradients of properties such as the presence of earlywood (EW) and latewood (LW) for the characterization of the thermo-hydromechanical behavior of wood. In general, "pure" mechanosorptive tests are performed on very thin specimens, so local gradients should be considered. Indeed, the thinner the specimen, the closer its behavior is to local properties instead of global ones. It is therefore necessary to carry out tests to highlight the heterogeneity of the wood response due to the presence of local gradients.
The use of full-field measurement techniques enables us to measure the heterogeneous response of material exhibiting property gradients. Various contactless measurement techniques have already been used to characterize the behavior of wood. Some authors (Pop et al. 2011; Méité et al. 2013; Xavier et al. 2014; Silva et al. 2014 ) used digital image correlation (DIC) to characterize wood cracking parameters. Recently, Gauvin et al. (2014) have performed longitudinal adsorption tests on Populus alba specimens with a thickness of between 6 and 10 mm using DIC. Neutron imaging (NI) and X-ray imaging have also been used for the characterization (Sanabria et al. 2015) and the investigation of moisture content in wood material (Marčok et al. 1996; Sahlberg et al. 1997; Cave 1997; Freyburger et al. 2009; Tanaka et al. 2009 ). Another contactless and white-light technique used for full-field measurements is the grid method. Recently, this technique has been used by Dang et al. (2014 Dang et al. ( , 2016 Dang et al. ( , 2017 to investigate the variability of the hydric properties of wood at the ring scale, especially in LW and in EW. In these last studies, the thermo-hydromechanical (THM) effects are neglected. The grid method is known to provide a good compromise between measurement resolution, which can be defined as the reliable information that emerges from the noise floor, and spatial resolution, which reflects the ability of a technique to distinguish fine details in a strain map. It is thus a technique suitable for characterizing gradient properties , and it was therefore used in the present study.
Materials and methods

Materials
The tested specimens were obtained from only one white fir tree of the Massif Central (Abies alba Mill), France. Figure 1a shows the zones from which the specimens came. The specimens were cut from areas at the left and the right of the heart around the crown (Dang et al. 2017) . The front face under investigation and the side faces of each of these specimens are shown in Fig. 1b . Significant differences in the size and inclination of the annual growth rings are observed in the (R, T) and (R, L) planes. This undoubtedly impacts the response of each specimen in terms of deformation. The dimensions of the specimens are shown in Fig. 1b as well as the (L, R) faces, which were investigated.
A crossed grid with a pitch equal to 200 μm (5 lines mm −1 ) was transferred onto the front face of each specimen using the procedure given in Piro and Grédiac (2004) (see Fig. 2 for an example of a grid). The other sides were free to interact with their environment. Their initial MC was 12% on average. MC was measured using the double weighing method. The glue used to support the transferred grid is hydrophobic. MC was determined from the masses where the presence of the grid was taken into account. Each specimen was immersed in water for a period of < 24 h, after transferring the grid and after weighing its mass before immersion. After immersion, the specimens were wiped to remove any water film on the surface and weighed again to determine their MC. The latter was greater than the FSP (supposed to be equal to 30% in the present study). Each of the specimens was left in a room under controlled humidity and temperature conditions in order to undergo free natural drying. The specimens were regularly weighed during natural drying in order to check whether its MC was close to 30%. When the intrinsic MC was found to be sufficiently close to this value, the mechanical load was applied. Table 1 presents the masses before and after transfer of the grid onto each of the specimens. It also gives the MC immediately after immersion and before applying the mechanical loading to each specimen. During each experiment, the temperature (Temp) and relative humidity (RH) of the room were regularly registered by a remote-controlled thermohygrometer. Table 1 shows the average temperature and relative humidity values as well as their standard deviation (STD) during each experiment. As can be seen in this table, the hygrothermal conditions of the room were not constant for a given experiment. These conditions also changed from one experiment to another. Fluctuations in the relative humidity were more pronounced than those of the temperature. Hygrothermal fluctuations were more significant during the third experiment. The consequence is that comparing the experimental results of these three experiments will be difficult.
Testing conditions
Experimental setup
The experimental device consisted of a 12-bit 1040 × 1376 Sensicam Camera equipped with a cooled charge-coupled device (CCD) sensor. The camera was positioned to obtain suitable experimental settings. For instance, the front face of the specimen must be aligned parallel to the plane of the CCD sensor by adjusting system settings. The distance between the specimen and the camera must also be adjusted in such a way that approximately 5 pixels are used to encode one grid pitch. A KL 2500 liquid crystal display (LCD) cold light source feeding three flexible and movable light guides was used to illuminate the face under investigation, leading to the nearly uniform lighting of the grid. A 50-kN Zwick testing machine was used to apply the compression load. Each of the tested specimens had to be removed to be weighed in order to estimate the global MC, or to be carefully wrapped in an isothermal bag during the nights, because the duration of one test was more than 1 day. The efficiency of this system was validated using another specimen of Abies alba Mill. Indeed, for a total of 55 h, the total mass loss was 5.23%, corresponding to a water loss rate of 9.5E−02%/h. The mass loss was therefore < 2% over one night. Each specimen was weighed at the beginning and at the end of every creep step. The same process was used for the recovery phases.
To ensure the correct repositioning of each specimen during the creep and recovery cycles, a tracking system with respect to the location of the camera was developed. This tracking system consisted of two metallic rings glued onto the specimen holder at a tangent to the specimen. The rings were positioned in front of the specimen (see Fig. 3 ) and enabled the distance between specimen and camera to remain constant. A horizontal line was drawn on the specimen holder with respect to the axis of symmetry of the tested specimen (plane (R, T)). This tracking line enabled us to ensure the correct positioning of the tested specimen according to the axis of symmetry of the camera. To complete this system, a vertical line was drawn on the opposite side of each tested specimen with respect to its geometric axis of symmetry (plane (L, R)). It was thus possible to ensure the correct positioning of each tested specimen whenever necessary. To ensure the uniform distribution of the load applied to the specimen, a small strip of elastomer was placed on the latter. Grid images were recorded at different times during each experiment. Strain maps were then deduced from the grid images using inhouse dedicated software. 
Loading/unloading cycles
The loading/unloading process for Experiments 1, 2 and 3 is presented in Fig. 4a -c, respectively. For each experiment, the loading level (1.5 kN) and the duration of the recovery phase (2 h) were the same. The compressive load was applied in the radial direction. However, the loading time differed from one experiment to another in order to highlight its effects. As already mentioned, a sufficiently long loading duration is necessary for creep and mechanosorptive effects to occur, but it must be short enough to avoid significant weight loss. Indeed, during each experiment, the mass of the specimen was only known at the beginning and at the end of each loading phase.
Image acquisition
To minimize the effect of noise during image acquisition, the Camware software was set to averaging mode, which means that each image is the average of several frames. However, the number of frames to be averaged, denoted N im in the following, must be chosen in order to avoid notable geometric changes in each tested specimen during the acquisition of the N im single frames. About one second was needed to average 8 frames. This is sufficient to avoid any notable change in each studied specimen during this period. The time period between two averaged images is given below:
• One averaged image every 15 s during the creep phases of Experiment 1, • One averaged image every 10 s during the creep phases of Experiment 2, • One averaged image every 15 s during the creep phases of Experiment 3, • One averaged image every 5 min during the recovery phases of Experiment 3. The basics of the grid method used to deduce strain fields from images are presented in the following section.
A brief description of the grid method
The grid method is a contactless and white-light measurement technique, which enables in-plane displacement and strain fields to be calculated. It is well suited here thanks to its good compromise between measurement resolution and spatial resolution . A bidirectional grid (see Fig. 2 ) is considered transferred onto the surface of the studied specimen, for instance by using the technique proposed in Piro and Grédiac (2004) . The x-and y-axes are here parallel to the lines of the grid. The light intensity, S(x, y) , at each pixel of coordinates (x, y) can be modeled as follows:
where γ is the contrast, A the amplitude, frgn a 2 periodic function, f the frequency of the carrier defined by the inverse of its pitch p. x and y are the phases along the x-and y-axes, respectively (Badulescu et al. 2009 ). x (respectively, y ) and the inplane displacement u x (respectively, u y ) are linked through Eq. (2): Δ x and Δ y are the phase changes between the final and initial images. They are found by taking the argument of the windowed Fourier transform (WFT) of the grid images calculated at any pixel along the x -and y-axes, as specified in Grédiac et al. (2016) . Assuming a small deformation hypothesis, the strain components are related to the displacements as follows: For a complete review on the grid method, see Badulescu et al. (2009) and Gré-diac et al. (2016) . Note finally that the dimensions below are given in pixels in the strain maps and that the settings of the experimental setup are such that one pixel represents 40 µ on each specimen. The experimental results obtained are presented and discussed in the following section.
Experimental results and discussion
Experiment 1
Sixteen creep/recovery cycles were performed on the tested specimen. Images were acquired only during the creep phases. The reference image was acquired before the first cycle. Figure 5a , b shows typical radial strain maps corresponding to the creep phase of the first and the last cycle, respectively. In all experiments, the latewood takes generally the yellow color. As can be seen from these maps, the level of negative strain in EW increases progressively during the loading phase of the test. This finding is in agreement with the results that are expected during compressive creep tests. However, a positive strain occurs at the beginning of each cycle, particularly in LW, which is counter-intuitive. Indeed, after immersion, small "bumps," corresponding to LW, are observed in the strain fields. Under compression these effects become more pronounced with the appearance of local tension. This could explain the presence of these positive strains throughout the experiment. Note that the average strain always remains negative, which is quite logical. When comparing the strain levels reached during the first and last creep phases for the same loading, it appears that these negative strains are more pronounced in the last phase. This is quite logical because the strain maps are determined with respect to an image taken just before starting the first cycle. Indeed, these strain maps include all the hydromechanical history of the specimen from the first cycle. This history includes the strain related to shrinkage, elastic deformations and viscoelasticity as well as the effects of mechanosorption. During the creep phase of the first cycle, the MC drops from 32.6 to 29.8%, which corresponds to a mass loss of 2.8%. Regarding the creep phase of the last cycle, MC decreases from 7.2 to 6.9%, which corresponds to a very low mass loss of 0.2% due to the end of natural drying process. Between the first and the last cycle, the specimen undergoes a mass loss of 25.4%.
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Experiment 2
The radial strain maps obtained during the second experiment are presented in Fig. 6 , and eight creep/recovery cycles were performed. As in Experiment 1, image acquisition was performed during the creep phase only. The cumulative duration of all the creep phases was the same for Experiments 1 and 2, the only difference being the duration of the creep phase (40 min instead of 20 for Experiment 2) and the number of cycles (8 instead of 16 for Experiment 2). These differences are related to the experimental conditions and the objective of finding an appropriate creep period enabling us to observe the desired phenomena (viscoelastic and mechanosorptive effects). The duration of the recovery phase in Experiments 1 and 2 was the same for each cycle; thus, if the two specimens tested were exactly the same, the unrecovered strain level would be more pronounced for Experiment 2. Figure 6a shows that the level of positive strain is lower compared to that observed in the first cycle of Experiment 1 (Fig. 5a ). Note that even if the tested specimens in Experiments 1 and 2 were from the same tree and the same board, they were cut at a distance of 35 cm with respect to each other. This may explain the differences observed in their response in terms of deformation. Indeed, the spatial variability of properties depending on the sampling area along the trunk can be suspected as being the source of these significant differences. However, during the creep phase of the last cycle of Experiment 2 (see Fig. 6b ), the deformation of the specimen is similar to the one obtained during the creep phase of the last cycle of Experiment 1 (see Fig. 5b ). Indeed, Fig. 6b shows a negative strain level, which is very pronounced in EW, as is the case for Experiment 1. The increase in strain level compared to the first cycle is due to the hydromechanical load history. Again, this strain includes deformations related to shrinkage, elastic deformations, viscoelasticity and mechanosorptive effects. Note also that the level of positive strain is significant compared to the first cycle, certainly because of shape effects in LW amplified by the hydromechanical history. During the first cycle of the creep phase, the MC drops from 36.4 to 34.8%, corresponding to a mass loss of 1.5%, which is lower than during the creep phase for Experiment 1. Regarding the creep phase of the last cycle, MC decreases from 17.7 to 17%, which corresponds to 1 3 a mass loss of 0.7%. Between the beginning of the first cycle and the last cycle the total mass loss of the specimen is 18.9%.
Heterogeneous responses from Experiments 1 and 2 confirm the ability of fullfield measurement techniques, in particular the grid method, to reveal the local properties of the material during creep. The results obtained show the presence of alternate positive and negative values for the strain. This makes it difficult, if not impossible, to threshold the strain maps in order to extract the negative strains, especially in LW. To better understand the origin of these positive strain values, strain maps corresponding to a reference image taken before immersion, and a current image taken after immersion and before the compression test, were studied in the following experiment. Figure 7 presents the different phases of Experiment 3. This figure also shows the reference images that can be used to obtain strain maps with or without the hydromechanical history. When strain maps are obtained from the reference image Imref 0, the past hydromechanical history of the specimen is taken into account, which is not the case if the reference image is Imref k, k = 1, 2, 3, 4, where k is the number of the cycle. The results obtained with these various reference images are presented here.
Experiment 3
Immersion and free drying phases: As previously shown in Table 1 , the specimen was immersed prior to testing. Then, it underwent natural drying to a MC level slightly greater than the FSP. During the immersion phase, its MC increased from 12 to 57.4% and then decreased to 32.7% at the end of the free drying phase. Image acquisition was performed during the free drying phase, which lasted 10 h.
Radial strain maps: Some radial strain maps corresponding to creep during the first cycle are presented in Fig. 8a . These strain maps are obtained from images acquired under mechanical loading, using Imref 0 as a reference image (see Fig. 7 ). Hence, these strain maps take into account the hydromechanical history of the tested specimen. During this creep phase, MC drops from 32.7 to 30.1%. As can be seen, the level of negative strain increases during the test. Nevertheless, positive strain components are still present in some zones of the specimen, even if they are reduced or absent in others. The positive strains mainly affect LW. EW evinces a negative strain level, which is higher than that of LW because of its lower stiffness (Cramer et al. 2005; Pereira et al. 2013) . The top right zone of the specimen exhibits higher strain values. This feature can potentially have several causes, for instance, the heterogeneity of the material or the boundary conditions. Figure 8b shows typical strain maps obtained during the recovery phase of the first cycle of Experiment 3. These strain maps were obtained from images taken during drying and without mechanical loading. Here, the reference image is Imref 0 (see Fig. 7 ). Hence, they reflect the whole hydromechanical history of the tested specimen. During this recovery phase, MC decreases from 30.1 to 25.7%. The difference between the strain levels in the last strain map of the creep phase of the first cycle (map N°240 in Fig. 8a ) and the first strain map during the recovery phase (map N°2 in Fig. 8b ) is noticeable. This difference may be due to an elastic return of the material or the beginning of the recovery phase. Moreover, it can be noted that in Fig. 8b , the amplitude of the negative strain level is lower than in Fig. 8a . At the same time, the level of positive strain increases. The deformation state of the studied face at the end of the recovery phase of the first cycle (see map N°25 Fig. 8b ) is similar to map N°3 in Fig. 8a (earlier mechanical loading) . It can be concluded that during the first creep/recovery cycle, the strain is almost completely recovered. Figure 9a shows the same strain maps as those shown in Fig. 8a , but without considering the whole hydromechanical history, by considering Imref 1 instead of Imref 0 as a reference image (see Fig. 7) . When comparing the strain maps in these two figures, the first observation is that for map N°3 presented in Fig. 9a , the strain is almost null everywhere. However, in the other maps of this figure, the presence of positive deformations is noted. Their amplitude is very small compared to that obtained when considering the whole hydromechanical history. These positive strains therefore appear only during the creep phase of cycle 1 in this case. In addition, map N°240 in Fig. 9a exhibits a higher level of negative strain than when including the hydromechanical history (Fig. 8a, map N°240 ). This means that when including the past hydromechanical history of the specimen, the amplitude of the negative strain decreases. Figure 9b shows radial strain maps during the creep phase of the second cycle. They take into account the hydromechanical history of the specimen since Imref 0 is the reference image. During this creep phase, MC drops from 25.7 to 23.7%. The strain distribution profile is similar to that obtained during the creep phase of cycle 1. These observations are the same as in the creep phase of the first cycle. Indeed, there is an increase in the negative strain level in both EW and LW, and the strain in LW remains positive in some zones, mainly for the same reasons as those mentioned above for cycle 1.
Note that the amplitude of the negative strain during this creep phase is slightly higher than that of the first cycle. This increase may be related to changes in intrinsic MC that may impact the mechanical characteristics. Figure 10a presents the strain maps of the creep phase of the second cycle without the prior hydromechanical history of the experiment in terms of deformation. The reference image is now Imref 2 (see Fig. 7 ). As in the case of cycle 1, it is noted that there is no positive strain at the beginning of cycle 2 (see map N°2 in Fig. 10a ). Map N°240 in Fig. 10a shows an increase in the amplitude of the negative strain compared to maps N°240 in Fig. 9b . Therefore, as in the case of the creep cycle in phase 1, taking into account the hydromechanical history in terms of strain leads to a decrease in the negative strain level. However, there is also a small positive strain, as in the creep phase of the first cycle and certainly for the same reason. Now let us turn to the recovery phase of cycle 2 in Fig. 10a . The strain maps presented in this figure are obtained by using Imref 0 as a reference image in order to take into account the whole hydromechanical history. A notable difference can be observed between map N°2 in Fig. 10a and the last map of the creep phase of cycle 2 in terms of strain (map N°240 in Fig. 9b ). This is due to the same reason as that evoked for the recovery phase of cycle 1, i.e., a part of the strain recovery occurs before the beginning of imaging. However, contrary to the end of the recovery phase in cycle 1, the last strain map (N°25 Fig. 10a ) indicates that the negative strain is not fully recovered. Since the duration of the recovery phase is the same as in cycle 1, a possible reason is a higher strain level in the creep phase of cycle 2. It can be deduced that, in addition to deformations related to the shrinkage in both EW and LW, the elastic behavior, viscoelastic and mechanosorptive (Saifouni et al. 2016; Dubois et al. 2012; Colmars et al. 2014) effects, and deformations during the creep phase from cycle 3 include unrecovered strains.
Investigation of creep/recovery at the ring scale: A thresholding procedure is performed here to study the strain change versus time in EW and LW. The objective is to build masks, which allow us to extract strains from pixels belonging to EW and to LW. A zone of interest is first defined, where significant negative strains in EW and LW are obtained simultaneously. Thresholding is then performed in this zone of interest from the last strain map of the creep phase. To obtain the masks from the thresholding procedure, the minimum and maximum values of the strain in EW and in LW must be defined. An example of a zone of interest is shown in Fig. 11 . Equation (5) is applied to the zone of interest to generate the masks for EW and LW. For cycle 1, the thresholding bounds are : This thresholding procedure is applied to each cycle of Experiment 3. The masks obtained enable us to extract, from all the strain maps, the strains in EW and LW in each defined zone of interest. Note that the zone of interest and the thresholding bounds were nearly the same for each cycle. The creep phase for each cycle (see Fig. 12a ) exhibits a strain level in EW, which is greater than in LW. This remark is in agreement with literature data. Indeed, microscopic observation reveals that the size of the lumens in EW is greater and that the thickness of the tracheids is smaller, than in LW (Dang et al. 2017) . The recovery phase (unloaded state) shows a higher level of unrecovered strain from one cycle to the next. This can be explained by the viscoelastic nature of the material, combined with the effects of changes in MC. In addition, the slope of the strain curve during the creep phase progressively decreases with each cycle.
A possible explanation for this phenomenon is the lower change in MC and its effects due to the presence of mechanical loading. Note also that the material becomes stiffer during drying (Saifouni et al. 2016; Moutou Pitti et al. 2013) , which makes it less deformable when the drying process becomes more pronounced.
In Fig. 12b , changes in the mean radial strain in EW are presented for each creep phase and for each cycle, with and without the previous hydromechanical history of the sample. During the creep phase of the first three cycles, the mean radial strain without taking creep history into account is greater. A reduction in its deviation from that obtained when considering the history in the third cycle is observed. In the fourth cycle, the creep strain without considering the past hydromechanical history becomes lower. The decrease in strain when the history is not taken into account shows that EW becomes stiffer. The decrease in the strain amplitude from the fourth cycle is a consequence of the increase in rigidity of EW. In this response, where the effect of the mechanical loading is predominant, the amplitude decreases. The decrease in the slope over successive cycles is also a consequence of changes in mechanical properties. Changes in the mean radial strain in LW are also shown for each creep phase and for each cycle in Fig. 12c . As of EW, the curves are shown with and without the previous hydromechanical history. The mean radial strain without taking creep history into account is greater for the first three cycles, as in the case of EW. In addition, a reduction in its deviation from the mean radial strains obtained when considering the past hydromechanical history of the third cycle is observed. As for EW, the remark is the same for the fourth cycle and for the same reasons. Indeed, it is experimentally evidenced that LW loses its flexibility during the drying process.
Conclusion
The heterogeneous behavior of Abies alba Mills (white fir of Massif Central) during natural drying under creep/recovery was studied in this paper. Valuable information was obtained by measuring the radial strain maps at the scale of the annual rings with a full-field measurement technique, namely the grid method. Three different experiments were carried out. They consist in mechanically loading the specimens under natural drying conditions. The heterogeneous distribution of the visco-hydromechanical properties of wood was clearly revealed by measuring the strain fields of the latewood (LW) and earlywood (EW) during the creep/recovery cycles applied to the specimens. During Experiments 1 and 2, positive strain occurred mainly in LW, and negative strain in EW. With Experiment 3, it is shown that the origin of this phenomenon was due to the immersion phase, which took place before mechanical loading of the specimens. This third experiment also enabled us to investigate the effects of the moisture content on the strain profiles by comparing strain maps with and without taking into account the whole hydromechanical history of the specimen. More specifically, an increase in the stiffness in EW and LW was observed through the decrease in the slope of the curves showing the mean radial strain as a function of the time, and through the decrease in the strain amplitude. For all the experiments, it was experimentally evidenced that the strain level during creep/recovery was higher in earlywood than in latewood.
In future studies, it would be interesting to develop an experimental device to apply mechanical loading/unloading and to obtain the moisture content at the same time, which was not possible in the present work. Specific procedures should also be proposed to identify the visco-hydromechanical response of the rings from heterogeneous strain fields such as those obtained during this study.
